GN Bue CE) Documents AN Software SS 
bq25910 TC Controlled 6-A Three-Level Switch Mode, 
Single-Cell Parallel Battery Charger for Fast Charging 
Features 2 Applications 


Parallel Charger Operation Provides Fast 
Charging in Dual Charger Configuration 


High Efficiency 750-kHz Switch Mode Three-Level 
Buck Parallel Charger 


— Reduced Ripple to Support Low Profile 
Inductor 


— 95.4% Charge Efficiency at 1.5 A from 5-V 
Input 
— 93.3% Charge Efficiency at 3 A from 9-V Input 


— Superior Efficiency Compared to Traditional 
Buck Converter in Compact Form Factor 


Single Input to Support USB Input and Adjustable 
High Voltage Adapters 


— Support 3.9-V to 14-V Input Voltage Range 
with 20-V Absolute Maximum Input Voltage 
Rating 

— Input Current Limit (500 mA to 3.6 A with 100- 
mA resolution) to Support USB2.0 and USB 
3.0 Standard and High Voltage Adaptors 


— Maximum Power Tracking by Input Voltage 
Limit (VINDPM) up to 14 V 


Flexible IC Mode for Optimal System 
Performance 


High Integration Includes all MOSFETs, Current 
Sensing and Loop Compensation 


— Lossless Charge Current Sensing without 
Sense Resistor 


< 10-A Low Battery Leakage Current During 
Stand-By Mode 


High Accuracy 

— +0.4% Charge Voltage Regulation 

— +10% Charge Current Regulation 

— +7.5% Input Current Regulation 

— Remote Differential Battery Sensing 
Safety 

— Thermal Regulation and Thermal Shutdown 
— Input UVLO and Overvoltage Protection 

— Battery OVP 

— Input Dynamic Power Management (DPM) 
— Charging Safety Timer 

— Flying Capacitor Short Circuit Protection 

— Output Voltage Short Circuit Protection 
Available in 36-Ball WCSP Package 


e Smart Phone 

e Tablet 

e Wireless Charging 

e Portable Electronics 

e Electronic Point of Sales (ePOS) 


3 Description 

The bq25910 is an integrated three-level switch-mode 
parallel battery charge management device for single 
cell Li-ion and Li-polymer batteries. Utilization of the 
three-level converter maintains highest switch-mode 
operation efficiency while reducing solution footprint 
and increasing power density. The device supports 
fast charging with high input voltage for a wide range 
of portable devices. The solution integrates reverse- 
blocking FET (QgLx), and four switching FETs (Qusa, 
Qusp, Oise, Qusa). The IC serial interface with 
charging and system settings makes the device a 
truly flexible solution. 


Device Information™ 
PACKAGE BODY SIZE (NOM) 
DSBGA (36) 2.41 mm x 2.44 mm 


PART NUMBER 
bq25910 


(1) For all available packages, see the orderable addendum at 
the end of the data sheet. 


Simplified Schematic 


bq25910 
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5 Pin Configuration and Functions 


(1) 


bq25910-YFF (12C controlled) 
36-Pin DSBGA 
Top View 


/ \ 7 
l CFLY- | ! GND 
\ PON 


/ w: $ 
I CFLY+ 1! 
\ / \ 


YA N 2 
I CFLY- | ! GND 
\ PON 


\ X \ 


/ / / / 
I CDRV+ 1 ! PMID | ! CFLY+ | l CFLY- | 
\ 1 \ \ H \ / 


Top View = Xray through a soldered down part with A1 starting in upper left hand corner. 
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Pin Functions 
PIN 
UO DESCRIPTION 
NAME NO. 
BATN F4 Al Negative Battery Sense Terminal — Kelvin connect via 100-Q resistor as close as possible 
to negative battery terminal 
BATP FS Al Positive Battery Sense Terminal — Kelvin connect via 100- resistor as close as possible 
to positive battery terminal 
CAUX F2 P Auxiliary Capacitor — Bypass CAUX to GND with at least a 4.7-uF, 10-V ceramic capacitor 
Gate Drive Supply Positive Terminal — CDRV is used to generate multilevel gate drive 
CDRV+ D1 P rails. 
Connect a 220-nF, 6.3-V ceramic capacitor across CDRV+ and CDRV-. 
Gate Drive Supply Negative Terminal — CDRV is used to generate multilevel gate drive 
CDRV- El P rails. 
Connect a 220-nF, 6.3-V ceramic capacitor across DRV+ and DRV-. 
A3 
B3 Flying Capacitor Positive Terminal — Connect 20-uF, 16-V ceramic capacitor across 
CFLY+ P CFLY+ and CFLY-. Refer to Application and Implementation section for more information on 
C3 selecting CFLY. 
D3 
A5 
B5 Flying Capacitor Negative Terminal — Connect 20-uF, 16-V ceramic capacitor across 
CFLY- C5 P CFLY+ and CFLY-. Refer to Application and Implementation section for more information on 
selecting CFLY. 
D5 
ER 
A6 
B6 
GND C6 - Ground Return 
D6 
E6 
Output Inductor Sense Input — Kelvin connect as close as possible to the output of the 
ets F6 Al switched inductor. 
INT E3 DO Open-Drain Interrupt Output — Connect INT to the logic rail via a 10-kQ resistor. The INT 
pin sends active low, 256-us pulse to the host to report charger device status and fault. 
A2 
B2 Reverse Blocking MOSFET and QHSA MOSFET Connection — Given the total input 
PMID P capacitance, place 1 uF on VBUS, and the rest on PMID, as close to the device as possible. 
C2 Typical value: 10-uF, 25-V ceramic capacitor 
D2 
REGN F3 P Gate Drive Supply — Bias supply for internal MOSFETs driver and device. Bypass REGN to 
GND with a 4.7-uF, 10-V ceramic capacitor. 
SCL F1 DI °C Interface Open-Drain Clock Line — Connect SCL to the logic rail through a 10-kQ 
resistor. 
2 A . . = . H El 
SDA E2 DIO I C Interface Open-Drain Data Line — Connect SDA to the logic rail through a 10-kQ 
resistor. 
A4 
p4 Inductor Connection — Connect to the switched side of the external inductor 
SW C4 P (Recommended: 330 nH for up to 9-V applications or 470 nH for up to 12-V applications). 
D4 Refer to Application and Implementation section for more information on selecting inductor. 
E4 
A1 
VBUS B1 P Input Supply — VBUS is connected to the external DC supply. Bypass VBUS to GND with at 
least 1-uF, 25-V ceramic capacitor, placed as close to the device as possible. 
C1 
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6 Specifications 
6.1 Absolute Maximum Ratings 
over operating free-air temperature range (unless otherwise noted)” 
MIN MAX UNIT 
VBUS (converter not switching) -2 20 V 
PMID (converter not switching) —0.3 20 V 
CDRV+, CDRV- 0.3 20 V 
(2) 
Voltage range (with Cee 08 16 X 
respect to GND) CFLY+ to SW, SW to DC —0.3 7 V 
CFLY-, CFLY- to GND, 
CAUX to GND Pulse < 30ns —0.3 11 V 
BATP, BATN, IND_SNS —0.3 6 V 
REGN —0.3 6 V 
Voltage range (with 
respect to GND) SDA, SCL, /INT —0.3 6 V 
Output sink current AINT 6 mA 
Junction Temperature, Ty —40 150 °C 
Storage temperature, Tstg —40 150 °C 


(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings 
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended 
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

(2) This condition is contingent on the fact that OV < Ver, y < 8V 


6.2 ESD Ratings 


VALUE UNIT 
Human body model (HBM), per 
SH ANSVESDA/JEDEC JS-001 Ù +2000 y 
Vesp) Electrostatic discharge i 
Charged device model (CDM), per JEDEC +250 V 
specification JESD22-C101 (2 S 


(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process. 
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process. 
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6.3 Recommended Operating Conditions 
over operating free-air temperature range (unless otherwise noted) 
MIN NOM MAX UNIT 

Vunus Input voltage 3.9 14(1) V 

lvBus Average input current (VBUS) 3.3 A 

Isw Average output current (SW) 6 A 

VBAT Battery voltage (BATP - BATN) 4.775 V 

Ta Operating free-air temperature —40 85 °C 


(1) The inherent switching noise voltage spikes should not exceed the absolute maximum rating on either CFLY+, SW, or CFLY- pins. A 
tight layout minimizes switching noise. 


6.4 Thermal Information 


bq25910 
THERMAL METRIC") YFF (DSBGA) UNIT 

36-PINS 
Roya Junction-to-ambient thermal resistance 52.8 °C/W 
ReJcítop) Junction-to-case (top) thermal resistance 0.3 °C/W 
Roya Junction-to-board thermal resistance 11.1 °C/W 
Lor Junction-to-top characterization parameter 0.2 °C/W 
Yjg Junction-to-board characterization parameter 11.1 °C/W 


(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application 
report, SPRA953. 
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6.5 Electrical Characteristics 


Vusus_UvLOZ < Vupus < Vvpus_ov and Vupus > Veat + VsLeeP» Ty = —40°C to +125°C, and Ty = 25°C for typical values (unless 


otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 
QUIESCENT CURRENTS 
| Battery discharge current (BATP, VBAT = 4.5V, VBUS = 0 - 5V, SCL, SDA = 6.5 10 A 
BAN BATN, SW) OV or 1.8V, Ty < 85°C, EN_CHG = 0 i E 
VBUS = 5V, High-Z Mode, no battery 30| pA 
IvBUS_HIZ Input supply current (VBUS) in HIZ VBUS < Vysus ov, High-Z Mode, no 
b — 50| pA 
attery 
VBUS > VSLEEPZ» VAT = 3.8V, ICHG = OA, 
nee 20| pA 
ee t (VBUS) converter not switching 
nput su curren 
Ke p SES VBUS > Varepz, Vear = 3.8V, converter 13 mA 
switching, IOUT = OA 
VBUS / VBAT POWER UP 
Vupus op VBUS operating range 3.9 14 V 
VvBus_UVLOZ VBUS rising for active 12C, no battery | VBUS rising 3.6 V 
VBUS falling, VBUS - VBAT, 
VSLEEP Enter sleep mode threshold VBAT = 4V, Ty = 0°C - 85°C 15 60 110 mV 
e VBUS rising, VBUS - VBAT, 
VSLEEPZ Exit sleep mode threshold VBAT = 4V, T; = 0°C - 85°C 115 220 275| mV 
y VBUS over-voltage rising threshold VBUS rising 14 14.3 14.7| V 
TS VBUS over-voltage falling threshold | VBUS falling 13.3 13.65 14| Vv 
VBAT_UVLOZ Battery for active 12C, no VBUS 2.3 V 
VPoorsRC Bad adapter detection threshold 3.7 V 
IPOORSRC Bad adapter detection current source 20 mA 
POWER-PATH 
Top reverse blocking MOSFET on- 
Ron asık (QBLK) resistance between VBUS and PMID | Ty = —40°C - 125°C 14 22| ma 
(QBLK) 
Outer, high-side switching MOSFET 
Ron_ausa (Q1) on-resistance between PMID and Ty = —40°C - 125°C 22 40. ma 
CFLY+ (Q1) 
Inner, high-side switching MOSFET 
Ron_auss (Q3) on-resistance between CFLY+ and Ty = -40%C - 125°C 12 20} ma 
SW (Q3) 
Inner, low-side switching MOSFET 
Ron_atss (Q4) on-resistance between SW and Ty =—40°C - 125°C 8 13) ma 
CFLY- (Q4) 
Outer, low-side switching MOSFET 
Ron_atsa (Q2) on-resistance between CFLY- and Ty =—40°C - 125°C 8 13) ma 
GND (Q2) 
BATTERY CHARGER 
VREG inge Typical charge voltage regulation 3.5 4775 | V 
S range 
Typical ch I lati 
eses ig charge voltage regulation 5 mV 
: VREG = 4.2V or 4.35V or 4.4V, S 
VREG_ACC Charge voltage regulation accuracy T; =—40°C - 85°C -0.4 0.4) % 
GE Typical charge current regulation 1000 6000 | mA 
= range 
Typical ch lati 
leña are at charge current regulation 50 WA 
. ICHG = 2A, 3A, 4A, 5A, 6A, 8 
lcHa_acc Charge current regulation accuracy T; =-40°C - 85°C -10 10. % 
Copyright O 2017-2018, Texas Instruments Incorporated Submit Documentation Feedback 7 
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Vveus_UvLoz < Vveus < Vupus ou and Vveus > VAT + VsLeep, Ty = —40°C to +125°C, and Ty = 25°C for typical values (unless 


otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 
Beien Termination current regulation VEUS = 9V, E = 4A, TERM = 1.0A, 0.9 1 vil A 
- accuracy Ty = 0°C - 85°C 
VBAT_ SHORT Short battery voltage falling threshold | VBAT falling 1.85 2.00 2.15) V 
Ken inreshioidito VBAT rising, VBATLOW = 3.2V 3.1 3.2 33 v 
VBAT_LOWV VBAT LOWV Falling threshold to 
stop fast-charging VBAT falling, VBATLOW = 3.2V 2.9 3 3.1) V 
GE thresnoiaito VBAT rising, VBATLOW = 3.5V 3.4 3.5 36| V 
NBAT LOWY VBAT LOWV Falling threshold to 
stop fast-charging VBAT falling, VBATLOW = 3.5V 3.2 3.3 3.4) V 
RBATP BATP Input resistance VBAT = 4V, VBUS = 5V, EN_CHG = 0 0.6 MQ 
RBATN BATN Input resistance VBAT = 4V, VBUS = 5V, EN_CHG = 0 0.6 MQ 
INPUT VOLTAGE / CURRENT REGULATION 
VINDPM_RANGE Input voltage regulation range 3.9 14 V 
VINDPM_STEP Input voltage regulation step 100 mV 
VINDPM = 4.3V 4.121 43  4.447| V 
VINDPM_ACC Input voltage regulation accuracy VINDPM = 7.8V 7.566 7.8 8.034| V 
VINDPM = 10.8V 10.476 10.8 11.124| V 
lINDPM_RANGE Input current regulation range 500 3600} mA 
lINDPM_STEP Input current regulation step 100 mA 
IINDPM = 500mA, Ty = —40°C - 85°C 410 500| mA 
: IINDPM = 1500mA, Ty = —40°C - 85°C 1275 1500 | mA 
Wow ao EEN IINDPM = 2500mA, Ty = —40°C - 85°C 2125 2500| mA 
IINDPM = 3000mA, Ty = —40°C - 85°C 2540 3000 | mA 
BATTERY OVER-VOLTAGE PROTECTION 
y Battery over-voltage rising threshold | VBAT rising, as percentage of VREG 102 104 106 % 
BAT_OVP Battery over-voltage falling threshold | VBAT falling, as percentage of VREG 100 102 103| % 
THERMAL REGULATION AND THERMAL SHUTDOWN 
Tree Junction temperature regulation TREG = 80°C 80 °C 
accuracy TREG = 120°C 120 °C 
T Thermal Shutdown Rising threshold | Temperature Increasing 150 °C 
ee Thermal Shutdown Falling threshold | Temperature Decreasing 120 °C 
BUCK MODE OPERATION 
Fow PWM switching frequency Switching-node frequency 1.35 1.5 1.65 | MHz 
Dmax Maximum PWM Duty Cycle 97 % 
REGN LDO 
VREGN REGN LDO output voltage Ze = 12V, Iran = ROMA e S S 
Vveus = 5V, Joren = 20mA 4.7 4.8 V 
IREGN REGN LDO current limit Vupus = 5V, Vereen = 3.8V 50 mA 
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Vveus_UvLoz < Vveus < Vvsus_ov and Vveus > VAT + VsLeep, Ty = —40°C to +125°C, and Ty = 25°C for typical values (unless 


otherwise noted) 
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PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 
12C INTERFACE (SCL, SDA) 
CH Input high threshold level, SDA and Pull-up rail 1.8V 13 v 
SCL 
Vi Input low threshold level, SDA and Pull-up rail 1.8V 04 v 
SCL 
VoL Output low threshold level, SDA Sink current = 5mA 0.4) V 
ZS High level leakage current, SDA and Pull-up rail 1.8V 1} pA 
SCL 
LOGIC OUTPUT PIN (/INT) 
VoL Output low threshold level Sink current = 5mA 0.4| V 
louT_BIAS High level leakage current Pull-up rail 1.8V 1} pA 
Submit Documentation Feedback 9 
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6.6 Timing Requirements 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 
VBUS/BAT POWER UP 
tvsus_ov VBUS OVP reaction time E KE 200 ns 
tPoorsrc Bad adapter detection duration 30 ms 
BATTERY CHARGER 
ad Deglitchg time for BAT_LOWV VBAT crossing VBAT_LOWV threshold 20 ms 

= - comparator (rising and falling) 
ttERM_DGL Deglitch time for charge termination | Charge current falling below lrerm 250 ms 
Egeter Deglitch time for battery over-voltage y us 
- to disable charge 

İSAFETY Charge Safety Timer Accuracy CHG_TIMER[1:0] = 12 hours 10.8 12 13.2| hr 
12C INTERFACE 
fscL SCL clock frequency 1000 | kHz 
DIGITAL CLOCK AND WATCHDOG TIMER 
foic Digital clock REGN LDO enabled 1.35 1.5 1.65 | MHz 
twoT Watchdog Reset time Bee :0] = 160s, REGN LDO 136 160 sec 
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6.7 Typical Characteristics 
96 96 3 
95 95 2.7 
94 94 2.4 
93 ES 93 214. _ 
E 92 = S oo 18 = 
> no > Rad 
2 f 3 2 9 15 D 
© = 5 = 
5 90 3 = 90 12 8 
89 e 89 o9 P 
88 a eT 88 0.6 
87 Z Vaus=9V — Veus=9V |O. 87 — Veus=5 V — Veus=5V | 0.3 
— Veus = 12 V — Veus = 12V — Vegus=9V — Vgus=9V 
86 86 0 
0 1 2 3 4 5 6 0 1 2 3 4 5 6 
Change Current (A) Charge Current (A) 
VBAT = 3.8 V, Inductor = DFE252012F-R47 (470 nH, 23 mQ max) VBAT = 3.8 V, Inductor = HMLQ25201B-R33 (330 nH, 17 mQ 
max) 
Figure 1. Charge Efficiency vs Charge Current Figure 2. Charge Efficiency vs Charge Current 
15 
— Veus = 5 V, lous 2.5 A — Nous =5 V 
— Veus 9 V, Iona = 2.5 A — Vpus =9 V 
— Maus = 12 V, loug = 2.5 A 10 — Vpus = 12 V 
= ~ 5 
Pal Pal 
Š Fo 
e e 
8 8 
< Ze 
-10 
-15 
29 31 33 35 37 39 41 43 45 1 2 3 4 5 6 
Vear (V) ICHG Setting (A) 
VBAT = 3.8 V 
Figure 3. Charge Current Accuracy vs Battery Voltage Figure 4. Charge Current Accuracy vs DC ICHG Setting 
15 0.5 
— lona =1.5A 
— ous 2.5 A 0.4 
10 lcha = 3.5 A 03 
e 8 0.2 
ES SZ oi 
al 0 a 0 
par | es 
2 5 3 04 
-0.2 
ae -0.3 — Veus=5V 
-0.4 — Veus=9V 
— Veus = 12 V 
-15 -0.5 
-40 -20 0 20 40 60 80 100 3.5 3.7 3.9 4.1 4.3 4.5 4.7 
Temperature (°C) VREG Setting (V) 
VBUS = 5 V, VBAT = 3.8 V 
Figure 5. Charge Current Accuracy vs Temperature Figure 6. Battery Voltage Regulation Accuracy vs DC VREG 
Setting 
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3 4 5 6 7 8 9 10 11 12 13 
VINDPM Setting (V) 


0.5 1300 
— Vpat=4.1V 
0.4 — Vent =4.2V 
0.3 Vear = 4.35 V ee 1200 
j — Vegat= 4.4 V <X 
0.2 E 1100 
Q E 
SZ oi S 
> =] 
S © 1000 
<x E 
Æ 900 
D 
> 
800 — Vpeus=5V 
— Veus = HM 
— Vgus = 12 V 
a 700 
-40 -20 0 20 40 60 80 90 0 10 20 30 40 50 60 70 80 90 
Temperature (°C) Temperature (°C) 
VBUS = 9 V VREG = 4.35 V 
Figure 7. Battery Voltage Regulation Accuracy vs Figure 8. Termination Current vs Temperature 
Temperature 
linppm = 500 mA 
linDPM = 900 mA 
Inopm = 1.5 A 
linopm = 2.0 A 
linopm = 3.0 A 
> > 
S S 
e = 
8 8 
< < 
— Vegeus=5V 
— Veus=9 V 
— Veus = 12 V 
0 0.5 1 15 2 2.5 3 3.5 -40 -20 0 20 40 60 80 100 
IINDPM Setting (A) Temperature (°C) 
VBAT = 3.8 V VBUS = 5 V, VBAT = 3.8 V 
Figure 9. Input Current Limit Accuracy vs 12C IINDPM Figure 10. Input Current Limit Accuracy vs Temperature 
Setting 
3 2 
1.8 — Treg = 60°C 
2 1.6 — Trea = 80°C 
— Trec = 100°C 
> 14 — Treg = 120°C 
1 E REG 
= = 12 
a o 
3 0 S 4 
bei 
Q > 
Ka 4 æ 06 
= de 
9 04 
-2 0.2 
0 
-3 -0.2 


40 60 80 100 120 140 160 180 
Temperature (*C) 


ICHG = 1.9 A 
Figure 11. Input Voltage Limit Accuracy vs CC VINDPM Figure 12. Charge Current vs Temperature 
Setting 
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7 Detailed Description 


7.1 Overview 


The bq25910 is an integrated three-level switch-mode parallel battery charge management device for single cell 
Li-ion and Li-polymer batteries. Utilization of the three-level converter maintains highest switch-mode operation 
efficiency while reducing solution footprint and increasing power density. The device supports fast charging with 
high input voltage for a wide range of portable devices. The solution integrates reverse-blocking FET (Qg,x), and 
four switching FETs (Qusa, Qusp, Oh sp, Qusa). The fC serial interface with charging and system settings makes 
the device a truly flexible solution. 


The device supports a wide range of input sources, including standard USB host port, USB charging port, and 
USB compliant adjustable high voltage adapter. The device is compliant with USB 2.0 and USB 3.0 power 
specifications with input current and voltage regulation. 


After initiating a charging cycle with host control, the device completes a charging cycle without software control. 
It automatically detects battery voltage and charges the battery in two-phases: constant current and constant 
voltage. At the end of the charging cycle, the charger automatically terminates when the charge current is below 
a preset limit (termination current) in the constant voltage phase. 


The device provides various safety features for battery charging, including charging safety timer, battery over- 
voltage, and over-current protections. Thermal regulation reduces charge current when the device junction 
temperature exceeds 120°C (programmable via I?C). The INT output immediately notifies the host when the 
charger changes state or a fault occurs. 


The bq25910 is available in space-saving 36-bump 2.41 x 2.44 mm? WCSP. 
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7.2 Functional Block Diagram 


The device is a highly integrated 6-A three-level switch-mode parallel battery charger for single-cell Li-ion and Li- 
polymer batteries. It integrates a reverse-blocking FET (QBLK), four switching FETs for three-level operation 
(QHSA — OLGA), and bootstrap cap control to drive HS gates. 
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+ 
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== CONTROL 
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== REGN 
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CURRENT SENSE, 
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AND MONITOR 
330nH/ 
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tf EA bq25910 aie l 
= | 220 nF 
SCL SDA CDRV- 
Copyright © 2017, Texas Instruments Incorporated 
D 2 . D 
Figure 13. bq25910 FC Controlled Functional Block Diagram 
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7.3 Feature Description 


7.3.1 Device Power-On-Reset (POR) 


The internal bias circuits are powered from the higher voltage of VBUS and VBAT. When Vygus rises above 
Vveus uvoz, OF Vegart rises above Vegart uv_oz, the sleep comparator and battery depletion comparator are active. 
12C interface is ready for communication and all the registers are reset to default value. The host can access all 
the registers after POR. 


7.3.2 Device Power Up from Battery without Input Source 


If only battery is present, the device consumes up to Igay quiescent current. The REGN LDO stays off to 
minimize the current draw. IC interface is ready for communication as long as Vgar is above VBAT UVLOZ- 


7.3.3 Device Power Up from Input Source 


When an input source is plugged in, and the EN_CHG bit is set to 1, the device checks the input source voltage 
and battery voltage to turn on REGN LDO, all the bias circuits and begin charging. The startup sequence from 
input source is as listed: 


1. Power up REGN LDO 

2. Poor source qualification 

3. Cry and Caux pre-charging routine 
4. Converter Power-up 


7.3.4 Power Up REGN LDO 

The REGN LDO supplies internal bias circuits and power FET gate drivers. The pull-up rail of INT can be 
connected to REGN as well. The REGN LDO is enabled when all the following conditions are met: 

1. VBUS above Vous uvLoz 

VBUS above Moar + VsLEEPZ 

VBUS below Vysus ov 

Vgar above Near Lowy 

EN_CHG bit = 1 

6. ICHG#0A 


If one of the above conditions is not met, the device is in high impedance mode (HIZ) with REGN LDO off. The 
device draws less than Laus u from VBUS in this state. 


aPron 


7.3.5 Poor Source Qualification 


After REGN LDO powers up, the device checks the current capability of the input source. The input source has 
to meet the following requirements in order to operate the buck converter: 


1. VBUS voltage below Vysus ov 
2. VBUS voltage above Vpoorsrc when pulling Ipoorsrc (typical 20 mA) 


Once the conditions are met, the status register bit PG_STAT is set high and the INT pin is pulsed to signal the 
host. If VBUS_OV is detected (condition 1 above), the device automatically retries detection once the over- 
voltage fault goes away. If a poor source is detected (condition 2 above), the device repeats poor source 
qualification routine every 2 seconds. After 7 consecutive failures, the device sets POORSRC_STAT, sends an 
INT pulse to notify the host, goes to HIZ mode and resets EN_CHG bit. Adapter re-plugin and/or EN_CHG toggle 
is required to restart device operation. 


7.3.6 Converter Power-Up 


Prior to converter switching, the flying and auxiliary capacitors, CFLY, and CAUX are charged to VBUS/2. After 
the capacitors have been pre-charged, the converter is enabled and the switching FETs Qusa — Dep start 
switching. As a battery charger, the device deploys a highly-efficient 750-kHz three-level step-down switching 
regulator. The fixed frequency oscillator keeps tight control of the switching frequency under all conditions of 
input voltage, battery voltage, charge current and temperature, simplifying output filter design. 
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Feature Description (continued) 


The charge current is soft-started into the desired value by starting from 300 mA and increasing the current up to 
ICHG programmed value over time. This "soft-start" also applies when increasing the ICHG register value while 
charging. 


7.3.7 Three-Level Buck Converter Theory of Operation 


The three-level converter is a combination of a switched capacitor and a switched inductor circuit. Assuming the 
flying capacitor, CFLY, remains balanced at VIN/2, the VSW node can be presented with three different voltages: 
VIN, VIN/2, and GND. The gate driving scheme is similar to a two-phase buck converter. The outer FETs (QHSA 
and QLSA) are driven with a complimentary signal with duty cycle D = VOUT/VIN. The inner FETs (QHSB and 
QLSB) are driven with a second complimentary signal of equal duty cycle, but phase shifted by 180°. By 
employing this driving scheme, there is a smooth transition around 50% duty ratio, where the VSW node moves 
from presenting GND and VIN/2 to presenting VIN and VIN/2. 


The three-level can achieve higher efficiency which cannot be easily obtained using traditional buck converter. 
The high efficiency is due to reduced inductor ripple (volt-seconds), reduced switching loss, and use of a 
compact inductor with lower DCR. The device integrates low Rpson FETs to optimize conduction loss. It also 
integrates control circuit to monitor CFLY stability and pre-conditioning. 


Vsw L A _D<0.50_ < 0.50 > Buck 
gia ees + AO Vin 4 —Three-Level 


== 08 
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|, F QLSA Vin FJ y 02 
+ Vw24 L— _— 
+ + e % 02 04 06 0.8 1 
== Duty Ratio VAN N 


E >t 


Figure 14. (a) Three-Level Buck Converter Circuit, (b) Time-Domain Vsy and Vo Waveforms, and (c) 
Inductor Current Ripple Comparison Across Duty Ratio 
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Figure 16. Three-Level Buck Converter States for Duty Ratios > 0.50 
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Feature Description (continued) 
7.3.8 Host Mode and Default Mode 


7.3.8.1 Host Mode and Default Mode in bq25910 


The bq25910 is a host controlled charger, and will automatically shut off when the 1°C watchdog timer is not reset 
within the timer period. In default (HIZ) mode, the device automatically disables charging until the host writes the 
EN_CHG bit high again and resets the watchdog timer via the WD_RST bit. When the charger is in default 
mode, WD_STAT bit is HIGH. When the charger is in host mode, WD_STAT bit is LOW. 


After power-on-reset, the device starts in default mode with watchdog timer expired. All the registers are in the 
default settings. In default mode, the device remains in HIZ mode and will not charge the battery. 


Writing a 1 to the WD_RST bit forces the charger out of default mode and into host mode. All the device 
parameters can be programmed by the host. To keep the device in host mode, the host has to reset the 
watchdog timer by writing 1 to WD_RST bit before the watchdog timer expires (WD_STAT bit is set), or disable 
watchdog timer by setting WATCHDOG bits = 00. 


When the watchdog timer is expired (WD_STAT bit = 1), the device returns to default mode and registers are 
reset to default values except as detailed in the DC register section. As long as the watchdog timer is expired 
(WD_STAT bit = 1), the device remains in Default Mode without charging the battery, regardless of the EN_CHG 
bit state. In order to enable charge after watchdog expired, write WD_RST = 1, and EN_CHG = 1. 


POR 
Watchdog timer expired 
Reset registers 
12C interface enabled 


Default Mode 
Watchdog timer expired 
Reset selective registers 


WD_RST bit = 1? 


Y 


Y 
Watchdog Timer 
Expired? 
N 
Y 


Figure 17. Watchdog Timer Flow Chart 


Host Mode 
Start Watchdog timer 
Host programs registers 


The REG_RST bit can be used to reset all of the registers (except STATUS registers) to their default value at 
any time. 

7.3.9 Battery Charging Management 

The device charges single-cell Li-lon battery with up to 6-A charge current for high-capacity battery. 


7.3.9.1 Autonomous Charging Cycle 


When battery charging is enabled (EN_CHG bit = 1) and the battery is above Var Lowv, the device 
autonomously completes a charging cycle. The device default charging parameters are listed in Table 1. The 
host can always control the charging operations and optimize the charging parameters by writing to the 
corresponding registers through 1°C. 
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Feature Description (continued) 
Table 1. Charging Parameter Default Settings 


PARAMETER VALUE 

VBAT to start fast charge (VBATLOWV) 3.5 V 
Charging voltage (VREG) 4.350 V 
Charging current (ICHG) 3.500 A 
Termination current (ITERM) 1.000 A 
Safety timer (CHG_TIMER) 12 hours 


A new charge cycle starts when the following conditions are valid: 

e Converter starts 

e Battery charging is enabled by EN_CHG bit, and ICHG register is not 0 mA 
e Battery voltage above Vgat Lowv 

+ No safety timer fault 


The charger device automatically terminates the charging cycle when the charging current is below termination 
threshold, and device not in DPM mode or thermal regulation. Once termination is detected, an INT is asserted 
to the host and the EN_CHG bit gets reset to zero. After the charge is done, EN_CHG bit can initiate a new 
charging cycle. 


Once a charging cycle is complete, an INT pulse is asserted to notify the host. In addition the status register 
(CHRG_STAT) indicates the different charging phases (any change in CHRG_STAT will generate an INT to 
notify the host): 

e 000: Charging disable 

e 001: Reserved 

e 010: Reserved 

e 011: Fast charge (constant current mode) 

+ 100: Taper charge (constant voltage mode) 

e 101: Reserved 

e 110: Reserved 

e 111: Reserved 


7.3.10 Master Charger and Parallel Charger Interactions 


A master charger is required in the system to manage pre-charging and full termination of the battery. The 
bq25910 monitors the battery voltage and compares it to Vgat Lowy to ensure battery can safely take fast-charge 
current. Once the bq25910 turns on and begins fast-charging, the host has two options: disable (HIZ) the master 
charger, or continue running the master charger along with the parallel charger. 


For the first option, once battery voltage reaches Vpat Lowy: the master charger maintains the BATFET on to 
supply system from battery (EN_HIZ = 1 on master charger), and the bq25910 provides both the charge current 
and system current if required. It is recommended to select Vgat Lowv equal to minimum system voltage in order 
to maintain system operation during transition. The bq25910 will then fast-charge the battery up to VREG and 
continue to regulate voltage while battery current tapers down. After the bq25910 detects termination, the host 
can re-enable the master charger to regulate battery voltage in CV mode down to lower termination currents. 


The second mode of operation requires both chargers to stay on. In order to maximize efficiency, it is 
recommended to run the master charger at lower charge current than the bq25910. For example, the master 
charger might be set at 1 A and the bq25910 at 3.5 A to achieve total charge current of 4.5 A. In this mode of 
operation, the master charger provides mostly system current, while the bq25910 provides mostly charge current. 
In this mode of operation, the bq25910 can select Vgat Lowy as low as the battery dictates for fast-charge, since 
the master charger can maintain system voltage regulation and ensure system continues to operate through the 
transition. After the bq25910 detects termination, the master charger automatically continues to regulate battery 
voltage in CV mode down to lower termination current. 


Figure 18 shows both options with charge current for each device as well as battery voltage. 
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Voltage 
BATP - BATN 
SYS_MIN 
BATP - BATN 
Current Time 
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Figure 18. Master Charger and bq25910 Handoff 


7.3.11 Battery Charging Profile 


The device charges the battery in two phases: constant current, and constant voltage. At the beginning of a 
charging cycle, the device checks the battery voltage and regulates current / voltage as needed. If the battery 
voltage is below Vga Lowv, it is the master charger responsibility to increase VBAT up to Vgat Lowv so the 
parallel charger can initiate fast charging. As BAT increases to Vgat tow the master charger can stay in HIZ 
and the bq25910 can start fast-charging the battery with up-to 6-A ICHG. Alternatively, the master charger can 
remain on to maintain the system load from adapter, while the bq25910 charges the battery. The default charging 
settings can be found in Table 2. 


Table 2. Battery Charger Setting 


VBAT CHARGING CURRENT REG DEFAULT SETTING CHRG_STAT 
<2V Master controlled (IBATSHORT ) bq25910 off 000 
2 V — VeaT_Lowyv Master controlled (IPRECHG ) bq25910 off 000 
> Maar Low ICHG 3.500 A 011 
VREG TAPER down to ITERM 4.350 V 100 
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If the charger device is in DPM regulation or thermal regulation during charging, the charging current can be less 
than the programmed value. In this case, termination is temporarily disabled and the charging safety timer is 
counted at half the clock rate. 


bq25910 Charge Cycle 
Fast Charge 
ICHG 4-9 o a 


bq25910 on 


VREG—+ ----- 


Battery Current 
Battery Voltage 


VBATLOWV | —— E  —_—_————-— -MMMM 


ITERM—- 


0A 


Pre-Charge cv CV 
Master Master 
Charger bg25910 Charger 


CHRG_STAT[2:0] 


Figure 19. Battery Charging Profile Highlighting Parallel Charger Region of Operation 


After the device signals charge termination done (CHRG_TERM_FLAG = 1), the master charger may choose to 
continue charging in CV mode or finish the charging cycle completely. The bq25910 will not start a re-charge 
cycle automatically, and a toggle on EN_CHG bit is required to restart a charge cycle. 


7.3.11.1 Charging Termination 


The device terminates a charge cycle when the battery voltage is at VREG, and the current is below termination 
current (ITERM). After the charging cycle is completed, the converter turns off and enters HIZ mode. At this 
point, the master charger can continue charging the battery down to a lower termination current, or just provide 
the system load from the adapter through its buck converter. 


When termination occurs, the status register CHRG_STAT is set to 000, the CHRG_TERM_FLAG is set to 1, 
and an INT pulse is asserted to the host. The CHRG_TERM_FLAG should be used to determine if termination 
was detected. Termination is temporarily disabled when the charger device is in input current, input voltage or 
thermal regulation. 


Termination can be disabled by writing 0 to EN_TERM bit prior to charge termination. In this case, the device will 
continue regulating the battery voltage to VREG value until the safety timer runs out or until the EN_CHG bit is 
cleared. 


7.3.11.2 Differential Battery Voltage Remote Sensing 


For high current charging systems, resistance between the charger output and battery cell terminal such as 
board routing, connector, MOSFETs and sense resistor can force the charging process to move from constant 
current to constant voltage too early, thereby increasing charge time. To speed up the charging cycle, the device 
provides differential remote sensing terminals for battery positive and negative terminals, which can extend the 
constant current charge time to deliver maximum power to the battery. 


The device regulates BATP — BATN = Vegart to the programmed VREG voltage. By connecting the sense 
terminals as close the battery as possible, the charger can deliver maximum charging power to battery. The 
kelvin connections to the battery can be made via a 100-Q resistor. 
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7.3.11.3 Charging Safety Timer 


The device has built-in safety timer to prevent extended charging cycle due to abnormal battery conditions. The 
user can program fast charge safety timer through DC (CHG_TIMER bits). When safety timer expires, the 
TMR_FLAG bit is set to 1, and an INT pulse is asserted to the host. The safety timer feature can be disabled via 
IC using EN_TIMER bit 


During input voltage, current or thermal regulation, the safety timer counts at half clock rate as the actual charge 
current is likely to be below the register setting. For example, if the charger is in input current regulation 
(IINDPM_STAT = 1) throughout the whole charging cycle, and the safety timer is set to 5 hours, then the timer 
will expire in 10 hours. This half clock rate feature can be disabled by setting TMR2X_EN = 0. Changing the 
TMR2X_EN bit while the device is running has no effect on the safety timer count, other than forcing the timer to 
count at half the rate under the conditions dictated above. 


7.4 Device Functional Modes 


7.4.1 Lossless Current Sensing 


In high current charging systems, extra resistance between the charger output and the battery contribute to 
power loss and temperature rise. The bq25910 regulates the output current without the need of a sense resistor, 
thereby reducing system power loss and operating temperature. Switching FET current information is used in 
conjunction to inductor DCR sensing to regulate output current accurately. For optimal operation, the voltage 
drop across the DCR should be below 180 mV. For example, to achieve 6-A charging, the DCR should be below 
30 mQ. In addition to lossless current regulation, the switching FET current is monitored on a cycle-by-cycle 
basis to ensure safe operation. 


7.4.2 Dynamic Power Management 


To meet maximum current limit in USB spec and avoid over-loading the adapter, the device features Dynamic 
Power Management (DPM), which continuously monitors the input current and input voltage. When input source 
is over-loaded, either the current exceeds the input current limit (IINDPM) or the voltage falls below the input 
voltage limit (VINDPM). The device then reduces the charge current until the input current falls below the input 
current limit and the input voltage rises above the input voltage limit. 


During DPM mode, the status register bits VINDPM_STAT (VINDPM) and/or IINDPM_STAT (IINDPM) is/are set 
to 1. Figure 20 shows the IINDPM response with 9-V/1.33-A (12-W) adapter, 4.0-V battery, 3.5-A charge current, 
and bq25910 in CV mode. 
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Device Functional Modes (continued) 


SYSTEM 
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(Hi-Z Mode) 
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bq25910 GND + 
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Figure 20. DPM Response 


7.4.3 Interrupt to Host (INT) 

In some applications, the host does not always monitor the charger operation. The INT pin notifies the system 
host on the device operation. By default, the following events will generate an active-low, 256-us INT pulse. 
1. Good input source detected (three conditions below met) 

— Vygus > Vear (not in sleep) 

— Vvsus < Vveus_ov 

— Vveus > Vvpoorsrc (typ 3.7 V) when Ipoorsrc (typ 20 mA) current is applied (not a poor source) 
Good input source removed 

POORSRC routine failed 7 consecutive times (connected adaptor was found to be a poor source) 
Capacitor pre-charge routine failed (CFLY / CAUX failed to pre-charge) 

Entering IINDPM regulation 

Entering VINDPM regulation 

Entering device Junction Temperature Regulation 


NORD 
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Device Functional Modes (continued) 


8. 12C Watchdog timer expired 
— At initial power-up, this INT gets asserted to signal I?C is ready for communication 
9. Charger changes state (CHRG_STAT value change) 
10. VBUS over-voltage detected 
11. Junction temperature shutdown (TSHUT) 
12. Battery over-voltage detected (BATOVP) 
13. CFLY fault detected 
14. Charge Safety Timer Expired 
Each one of these INT sources can be masked off to prevent INT pulses from being sent out when they occur. 
Three bits exist for each one of these events: 
e The STAT bit holds the current status of each INT source 
+ The FLAG bit holds information on which source produced an INT, regardless of current status. 
+ The MASK bit is used to prevent the device from sending out INT for each particular event. 
When one of the above conditions occurs, the device sends out an INT pulse and keeps track of which source 


generated the INT via the FLAG registers. The FLAG register bits are automatically reset to zero after the host 
reads them, and a new edge on STAT bit is required to re-assert the FLAG. 


INDPM_STAT | | 


INDPM_FLAG | | 


4 


| 

| | 
TREG_STAT | | 

| 


| 
| | 

| | 
TREG_FLAG | 


| 
| 
int | 
| 
| 
12C Flag Read | | | | | | 


Figure 21. INT Generation Behavior Example 


y y A 
! 
| 
| 


7.4.4 Protections 


7.4.4.1 Voltage and Current Monitoring 


The device closely monitors the input and output voltage, as well as switching FET currents for safe buck mode 
operation. 
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Device Functional Modes (continued) 
7.4.4.1 “1 Input Over-Voltage (Vveus_ov) 


The valid input voltage range for buck mode operation is Vypus op. If VBUS voltage exceeds Vypus ov, the 
device stops switching immediately to protect the power FETs. During input over-voltage, an INT pulse is 
asserted to signal the host, and the VBUS_OVP_STAT and VBUS_OVP_FLAG fault register bits get set. The 
device automatically starts switching again when the over-voltage condition goes away. 


7.4.4.1.2 Input Under-Voltage (Vpoorsrc) 


The valid input voltage range for buck mode operation is Vygus op. If VBUS voltage falls below Vpoorsrc, the 
device stops switching. During input under-voltage, an INT pulse is asserted to signal the host, and the 
PG_STAT bit gets cleared. The PG_FLAG bit will get set to signal this event. The device automatically attempts 
to restart switching when the under-voltage condition goes away. 


7.4.4.1.3 Flying Capacitor Over- or Under-Voltage Protection (Very ove and Neie uve) 


Under normal operating conditions the flying capacitor is balanced by the converter. However, during line 
transients or other failures, capacitor mis-balance is possible. The device constantly monitors the flying capacitor 
voltage. If VCFLY exceeds the protection limits, the device stops switching immediately. When this fault is 
detected, an INT pulse is asserted to notify the host, and the CFLY_STAT and CFLY_FLAG fault register bits get 
set. The device automatically attempts to re-balance the cap and resumes charging if successful. If the device 
fails to re-balance CFLY, the CAP_COND_STAT and CAP_COND_FLAG fault register bits get set, and an 
EN_CHG toggle is required to re-attempt charging. 


7.4.4.1.4 Over Current Protection 


The device monitors the outer switching FET current on a cycle-by-cycle basis . If an over-current is detected, 
the device responds by forcing the switching FETs to immediately discharge the inductor current and attempt 
current ramp-up once again. 


7.4.4.2 Thermal Regulation and Thermal Shutdown 


The device monitors internal junction temperature Tj to avoid overheating the chip and limits the device surface 
temperature in buck mode. When the internal junction temperature exceeds the preset thermal regulation limit 
(TREG bits), the device reduces charge current. A wide thermal regulation range from 60°C to 120°C allows the 
user to optimize the system thermal performance. 


During thermal regulation, the actual charging current is usually below the programmed value in ICHG registers. 
Therefore, termination is disabled, the safety timer runs at half the clock rate, the status register TREG_STAT bit 
goes high, and an INT is asserted to the host. 


Additionally, the device has thermal shutdown to turn off the converter when device surface temperature exceeds 
TsHur- The fault register TSHUT_STAT is set and an INT pulse is asserted to the host. The converter turns back 
on when device temperature is below Tsyut Hys- 


7.4.4.3 Battery Protection 


7.4.4.3.1 Battery Over-Voltage Protection (BATOVP) 


The battery over-voltage limit is clamped at 4% above the battery regulation voltage. When battery over-voltage 
occurs, the charger device immediately disables charge. The fault register BATOVP_STAT bit goes high and an 
INT pulse is asserted to signal the host. 


7.5 Programming 


7.5.1 Serial Interface 


The device uses DC compatible interface for flexible charging parameter programming and instantaneous device 
status reporting. IC is a bi-directional 2-wire serial interface. Only two open-drain bus lines are required: a serial 
data line (SDA), and a serial clock line (SCL). Devices can be considered as masters or slaves when performing 
data transfers. A master is a device which initiates a data transfer on the bus and generates the clock signals to 
permit that transfer. At that time, any device addressed is considered a slave. 
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Programming (continued) 


The device operates as a slave device with address 4BH, receiving control inputs from the master device like 
micro-controller or digital signal processor through REGOO-REGOD. Register read beyond REGOD (0x0D) returns 
OxFF. The I%C interface supports both standard mode (up to 100 kbits/s), and fast mode (up to 400 kbits/s). 
When the bus is free, both lines are HIGH. The SDA and SCL pins are open drain and must be connected to the 
positive supply voltage via a current source or pull-up resistor. 


7.5.2 Data Validity 


The data on the SDA line must be stable during the HIGH period of the clock. The HIGH or LOW state of the 
data line can only change when the clock signal on SCL line is LOW. One clock pulse is generated for each data 
bit transferred. 


SDA 


SCL 


Data line stable; 
¡ Data valid Change of 
data allowed 


Figure 22. Bit Transfers on the UC Bus 


7.5.3 START and STOP Conditions 


All transactions begin with a START (S) and are terminated with a STOP (P). A HIGH to LOW transition on the 
SDA line while SCL is HIGH defines a START condition. A LOW to HIGH transition on the SDA line when the 
SCL is HIGH defines a STOP condition. START and STOP conditions are always generated by the master. The 
bus is considered busy after the START condition, and free after the STOP condition. 


START (S) STOP (P) 


Figure 23. START and STOP Conditions on the UC Bus 


7.5.4 Byte Format 


Every byte on the SDA line must be 8 bits long. The number of bytes to be transmitted per transfer is 
unrestricted. Each byte has to be followed by an ACKNOWLEDGE (ACK) bit. Data is transferred with the Most 
Significant Bit (MSB) first. If a slave cannot receive or transmit another complete byte of data until it has 
performed some other function, it can hold the SCL line low to force the master into a wait state (clock 
stretching). Data transfer then continues when the slave is ready for another byte of data and releases the SCL 
line. 


Copyright © 2017-2018, Texas Instruments Incorporated Submit Documentation Feedback 25 
Product Folder Links: bg25910 


ÍA Texas 
INSTRUMENTS 
bq25910 


SLVSDUOA -SEPTEMBER 2017—REVISED FEBRUARY 2018 www.ti.com 


Programming (continued) 


Acknowledgement Acknowledgement 


o oe i signal from slave SE from receiver ESE 

| l 

| I l 

SDA E l l 
| | 
EAT a 
| 

SCL i Sor Sr f 1 2 7 8 9 1 2 8 9 I Adae a 


START or ARK AGK STOP or 
Repeated Repeated 
START START 


Figure 24. Data Transfer on the I?C Bus 


7.5.5 Acknowledge (ACK) and Not Acknowledge (NACK) 


The ACK signaling takes place after byte. The ACK bit allows the receiver to signal the transmitter that the byte 
was successfully received and another byte may be sent. All clock pulses, including the acknowledge 9th clock 
pulse, are generated by the master. The transmitter releases the SDA line during the acknowledge clock pulse 
so the receiver can pull the SDA line LOW and it remains stable LOW during the HIGH period of this 9th clock 
pulse. A NACK is signaled when the SDA line remains HIGH during the 9th clock pulse. The master can then 
generate either a STOP to abort the transfer or a repeated START to start a new transfer. 


7.5.6 Slave Address and Data Direction Bit 


After the START signal, a slave address is sent. This address is 7 bits long, followed by the 8 bit as a data 
direction bit (bit R/W). A zero indicates a transmission (WRITE) and a one indicates a request for data (READ). 
The device 7-bit address is defined as 1001 011' (0x4BH) by default. The address bit arrangement for 4BH is 
shown in Figure 25. 


Slave Address 


fa CS ~ 
BeBe 


Figure 25. 14: 7-Bit Addressing (4BH) 


Es 
START ADDRESS RW ACK DATA ACK DATA ACK STOP 


Figure 26. Complete Data Transfer on (UC Bus 


7.5.7 Single Read and Write 


11 | 7 To ie 1 8 8 | 1 11] 


DE O 


Figure 27. Single Write 
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Programming (continued) 


11] H 1] l | 8 | 1 [1] H 111 


DEE ES 
— 
Se 


Figure 28. Single Read 


If the register address is not defined, the charger device sends back NACK and returns to the idle state. 


7.5.8 Multi-Read and Multi-Write 
The charger device supports multi-read and multi-write of all registers. 


1] H 1] 1] 8 | 1 
a] A 
HA TT (ti 111 
KE = 5] 


Figure 29. Multi-Write 


11] H 1] l | ` | 1 [1] H }1 ] 1 


=== a= ES 
a 


Figure 30. Multi-Read 
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7.6 Register Maps 


7.6.1 


Table 3 lists the memory-mapped registers for the DC. All register offset addresses not listed in Table 3 should 


be considered as reserved locations and the register contents should not be modified. 


DC Registers 


Table 3. I°C Register Summary Table 


l 
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Address Access Type Acronym Register Name Section 
Oh R/W REGOO Battery Voltage Limit Go 
th R/W REGO1 Charge Current Limit Go 
2h R/W REGO2 Input Voltage Limit Go 
3h R/W REGO3 Input Current Limit Go 
4h R/W REG04 RESERVED Go 
5h R/W REGO5 Charger Control 1 Go 
6h R/W REGO06 Charger Control 2 Go 
7h R REGO7 INT Status Go 
8h R REGO08 FAULT Status Go 
9h R REGO9 INT Flag Go 
Ah R REGOA FAULT Flag Go 
Bh R/W REGOh INT Mask Go 
Ch R/W REGOC FAULT Mask Go 
Dh R/W REGOD Part Information Go 


Complex bit access types are encoded to fit into small table cells. Table 4 shows the codes that are used for 
access types in this section. 


28 


Table 4. DC Access Type Codes 


Access Type Code Description 
Read Type 

R Read 

Write Type 

WwW Write 

Reset Value 

-n Value after reset 
-X Undefined value 
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7.6.1.1 Battery Voltage Regulation Limit Register (Address = 0h) [reset = AAh] 
REGOO is shown in Figure 31 and described in Table 5. 
Return to Summary Table. 


Figure 31. REGOO Register 


ES 6 5 4 3 2 
VREG[7:0] 
R/W-AAh 
Table 5. REGOO Register Field Descriptions 
Bit | Field Type GE SC Description 
7 VREG[7 R/W | Yes Yes 640 mV Charge voltage limit: 
6 | VREG[6 R/W_ | Yes Yes 320 mV Offset: 3.5 V 
5 | VREG[5 R/W | Yes Yes 160 mV Range: 3.5 V to 4.775 V 
4 | VREG[4 RW | Yes Yes 80 mV Default 4.35 V 
3 VREG[3 R/W | Yes Yes 40 mV 
2 VREG[2 R/W | Yes Yes 20 mV 
1 VREG[1 R/W | Yes Yes 10 mV 
0 VREG[O R/W | Yes Yes 5 mV 
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7.6.1.2 Charger Current Limit Register (Address = 1h) [reset = 46h] 
REGO1 is shown in Figure 32 and described in Table 6. 
Return to Summary Table. 
Figure 32. REGO1 Register 
7 6 5 4 3 2 1 0 
RESERVED ICHG[6:0] 
R/W-0h R/W-46h 
Table 6. REGO1 Register Field Descriptions 

Bit | Field Type Beanery SC Description 

EE SE CES E Reserved bit always reads Oh 

6 (ER RR yes 3200 mA [Fast charge current limit 

5 |ICHG[5 R/W | Yes Yes 1600 mA | Offset: 0 mA 

4 | ICHG[4 R/W | Yes Yes 800 mA Range: 0 mA to 6000 mA 

3 | ICHG[3 DW | Yes Yes 400 mA de mA 

NOTE: ICHG > 6 A (78h) clamped to 6 A 
2 | ICHG[2 RW ÍY Y 200 mA 
EMO A E 00 mA ene < 300 mA (06h) clamped to O A 

1 ICHG[1 R/W | Yes Yes 100 mA 

0 ICHG[O R/W | Yes Yes 50 mA 
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7.6.1.3 Input Voltage Limit Register (Address = 2h) [reset = 04h] 
REGO2 is shown in Figure 33 and described in Table 7. 
Return to Summary Table. 
Figure 33. REGO2 Register 
7 6 5 4 3 2 1 0 
RESERVED VINDPMI[6:0] 
R/W-0h R/W-04h 
Table 7. REGO2 Register Field Descriptions 

Bit | Field Type GE GC Description 

E || RESERVED SCH: || Yes No Reserved bit always reads Oh 

6 JN RW | Yes No 6400 MV _| Absolute input-voltage limit 

5 | VINDPM[5] R/W | Yes No 3200 mV | Offset: 3.9 V 

4 | VINDPM[4] R/W | Yes No 1600 mv | Range: 3.9 V to 14 V 

3 |VINDPMI[3] R/W | Yes No app mv | Default: 4.3 V 

2 VINDPM[2] RW [Yes No 400 mV NOTE: VINDPM > 14 V (65h) clamped to 14 V 

1 | VINDPM[1] R/W | Yes No 200 mV 

0 | VINDPM[O] R/W | Yes No 100 mV 
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7.6.1.4 Input Current Limit Register (Address = 3h) [reset = 13h] 
REGO3 is shown in Figure 34 and described in Table 8. 
Return to Summary Table. 


Figure 34. REGO3 Register 
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E 6 5 4 3 2 0 
RESERVED INDPM[5:0] 
R/W-0h R/W-13h 
Table 8. REGO3 Register Field Descriptions 
Bit | Field Type Beanery SC Description 
ERR RESERVED SCH: || Yes No Reserved bit always reads Oh 
5 | INDPM[5] R/W | Yes No 3200 mA Input current limit 
4 INDPM[4] R/W | Yes No 1600 mA | Offset: 500 mA 
3 | INDPM{[3] R/W | Yes No 800 mA Range: 500 mA to 3600 mA 
2 | INDPM[2] R/W | Yes No 400 mA | Default: 2400 mA 
1 INDPM(1] RW | Yes No 200 mA NOTE: INDPM > 3600 mA (1Fh) clamped to 3600mA 
D | INDPM[0] R/W | Yes No 100 mA 
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7.6.1.5 Reserved Register (Address = 4h) [reset = 03h] 
REG04 is shown in Figure 35 and described in Table 9. 
Return to Summary Table. 
Figure 35. REGO4 Register 
7 6 5 4 3 2 1 0 
RESERVED 
R/W-0h R/W-3h 
Table 9. REGO4 Register Field Descriptions 
Bit | Field Type nea et hacen ee Description 
T-O; | | RESERVED PONT AES ae Reserved bit always reads 03h 
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7.6.1.6 Charger Control 1 Register (Address = 5h) [reset = 9Dh] 
REGO5 is shown in Figure 36 and described in Table 10. 


Return to Summary Table. 
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When the WATCHDOG[1:0] bits change (writing the same value does not change these bits), the internal 
counter is reset. The same applies for the CHG_TIMER bits (changing the value in the register will reset the 


CHG_TIMER). 
Figure 36. REG05 Register 
7 5 4 3 2 1 0 
EN_TERM WD_RST WATCHDOG[1:0] EN_TIMER CHG_TIMER[1:0] TMR2X_EN 
R/W-1h R/W-0h R/W-1h R/W-1h R/W-2h R/W-1h 
Table 10. REGO5 Register Field Descriptions 
Bit | Field Type GER Wee Description 
S SEN RW NaS NOS Termination control 
Oh = Disable termination 
1h = Enable termination 
a: IWD RSE RIN. Yes XES IC watchdog-timer reset 
Oh = Normal 
1h = Reset (bit returns to O after time reset) 
5-4 | WATCHDOG[1:0] R/W Yes Yes DC watchdog-timer settings 
Oh = Disable watchdog timer 
1h =40s 
2h = 80 s 
3h = 160 s 
SPER TIMER RANT 1 ZS Charging safety-timer enable 
Oh = Disable 
1h = Enable 
2-1. | GHG TIMER[1:0] RW yes Nes Fast-charge safety timer setting 
Oh = 5 hours 
1h = 8 hours 
2h = 12 hours 
3h = 20 hours 
H | THRE EN PINS || Ns Yes Safety timer behavior during DPM or TREG 
Oh = Safety timer always counts normally 
1h = Safety timer count slowed by 2x during input DPM or 
TREG 


34 


Submit Documentation Feedback 


Copyright © 2017-2018, Texas Instruments Incorporated 


Product Folder Links: bq25910 


l 


TEXAS 
INSTRUMENTS 


www.ti.com 


bq25910 
SLVSDUOA -SEPTEMBER 2017-REVISED FEBRUARY 2018 


7.6.1.7 Charger Control 2 Register (Address = 6h) [reset = 33h] 
REGO6 is shown in Figure 37 and described in Table 11. 


Return to Summary Table. 


When the watchdog timer expires (WD_STAT = 1h), the EN_CHG bit is held in reset. To enable the charger after 
the watchdog expires, write a value of 1h to the WD_RST bit and a value of 1h to the EN_CHG bit. 


Figure 37. REGO6 Register 


7 5 4 3 2 1 0 
RESERVED TREG[1 :0] EN_CHG RESERVED VBATLOWV[1:0] 
R/W-0h R/W-3h R/W-0h R/W-0h R/W-3h 
Table 11. REGO6 Register Field Descriptions 
Bit | Field mo eer pe Wee | Description 
E RESERVED RIN "EE ves Reserved bit always reads Oh 
pe | TREG[:0] WS, "128 veS Thermal regulation threshold 
Oh = 60°C 
1h = 80°C 
2h = 100°C 
3h = 120°C 
a ~ Enea A ees Ka Charger enable configuration 
Oh = Charger disabled 
1h = Charger enabled 
SE WS "e ZE Reserved bit always reads Oh 
1-0 | VBATLOWV[1:0] DI | Yes No 


Vaear_Lowv threshold to start charging at ICHG programmed 
setting: 

Oh = 2.6 V 

th = 2.9 V 

2h = 3.2 V 

3h = 3.5 V 


Copyright © 2017-2018, Texas Instruments Incorporated 


Submit Documentation Feedback 35 


Product Folder Links: bq25910 


JA TEXAS 


INSTRUMENTS 
bq25910 
SLVSDUOA -SEPTEMBER 2017—REVISED FEBRUARY 2018 www.ti.com 
7.6.1.8 INT Status Register (Address = 7h) [reset = X] 
REGO07 is shown in Figure 38 and described in Table 12. 
Return to Summary Table. 
Figure 38. REGO7 Register 
H 6 5 4 3 2 1 0 
PG_STAT INDPM_STAT | VINDPM_STAT | TREG_STAT WD_STAT CHRG_STAT[2:0] 
R-X R-X R-X R-X R-X R-X 
Table 12. REGO7 Register Field Descriptions 
Bit | Field Type GER P Description 
7 PG_STAT R Yes Yes Power-good status 
Oh = Not power good 
1h = Power good 
6 INDPM_STAT R Yes Yes INDPM status 
Oh = Normal 
1h = In INDPM regulation 
5 VINDPM_STAT R Yes Yes VINDPM status 
Oh = Normal 
1h = In VINDPM regulation 
©. | TREGSSTAT A mee Ma Device thermal-regulation status 
Oh = Normal 
1h = In thermal regulation 
SC |e R SES No DC watchdog-timer status 
Oh = Normal 
1h = Watchdog timer expired 
2-0 | CHRG_STAT[2:0] R Yes Yes Charge status 
Oh = Not charging 
1h = Reserved 
2h = Reserved 
3h = Fast charging (CC mode) 
4h = Taper charging (CV mode) 
5h = Reserved 
6h = Reserved 
7h = Reserved 
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7.6.1.9 FAULT Status Register (Address = 8h) [reset = X] 
REGO08 is shown in Figure 39 and described in Table 13. 


Return to Summary Table. 
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When the watchdog timer expires (WD_STAT = 1h), the VBUS_OVP_STAT, TSHUT_STAT, BATOVP_STAT, 
and CFLY_STAT bits are held in reset until the watchdog fault is cleared (WD_RST bit = 1h, or changing the 


WATCHDOGD :0] bits). 


Figure 39. REGO8 Register 


7 6 5 4 3 2 1 0 
VBUS_OVP_S | TSHUT_STAT | BATOVP_STA CFLY_STAT RESERVED CAP_COND_S | POORSRC_ST RESERVED 
TAT T TAT AT 
R-X R-X R-X R-X R-0h R-X R-X R-0h 
Table 13. REGO8 Register Field Descriptions 
Bit | Field Type GEN ee Description 
7 VBUS_OVP_STAT R Yes Yes Input-overvoltage status 
Oh = Normal 
1h = Device in overvoltage protection 
© |TSHUT STAT į Yes Mä Device temperature-shutdown status 
Oh = Normal 
1h = Device in thermal-shutdown protection 
> | BATOVE STAT a Ka Me Battery overvoltage status 
Oh = Normal 
1h = BATOVP (VBAT > VBATOVP) 
le È KOS YOS Flying capacitor status 
Oh = Normal 
th = Flying capacitor fault (VCFLY_UVP or OVP) 
Reserved R Yes Yes Reserved bit always reads 0 
CAP-COND-STAT R XES Ne Capacitor precondition status 
Oh = Normal 
1h = CFLY or CAUX precondition failed 
1, 1 POORER otal È SER Ka Poor-source-detection status 
Oh = Normal 
1h = POORSRC routine failed 7 consecutive times 
0 | RESERVED R Ma Va Reserved bit always reads 0 
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7.6.1.10 INT Flag Status Register (Address = 9h) [reset = 00h] 
REGO9 is shown in Figure 40 and described in Table 14. 

Return to Summary Table. 

All bits in REGO9 are automatically cleared after a read. 


Figure 40. REGO9 Register 
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7 6 5 4 3 2 1 0 
PG_FLAG INDPM_FLAG | VINDPM_FLAG | TREG_FLAG WD_FLAG CHRG_TERM_| RESERVED CHRG_FLAG 
FLAG 
R-Oh R-0h R-Oh R-0h R-Oh R-0h R-Oh R-0h 
Table 14. REGO9 Register Field Descriptions 
Bit | Field Type GE Wee Description 
í PG FLAG R mee Na Power-good INT flag 
Oh = Normal 
1h = PG-signal toggle detected 
S INBPRLEENG R aes No INDPM-regulation INT flag 
Oh = Normal 
1h = INDPM-signal rising edge detected 
S |VINDPM FLAG B YES No VINDPM-regulation INT flag 
Oh = Normal 
1h = VINDPM-signal rising edge detected 
ll R Ke Ne Device temperature-regulation INT flag 
Oh = Normal 
1h = TREG-signal rising edge detected 
SWD RENG È ves No 12C-watchdog INT flag 
Oh = Normal 
1h = WD_STAT-signal rising edge detected 
e SRO TERM FLAG R Më No Charger-termination INT flag 
Oh = Normal 
1h = Charger-termination signal rising edge detected 
1; (RESERVED į H Na Reserved bit always reads 0 
0. 1i CHRG-FLAG j ER No Charger status INT flag 
Oh = Normal 
1h = CHRG_STAT[2:0] bits changed (transition to any state) 
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7.6.1.11 FAULT Flag Register (Address = Ah) [reset = 00h] 
REGOA is shown in Figure 41 and described in Table 15. 
Return to Summary Table. 


All bits in REGOA are automatically cleared after a read. 


Figure 41. REGOA Register 
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7 6 5 4 3 2 1 0 
VBUS_OVP_FL| TSHUT_FLAG | BATOVP_FLA | CFLY_FLAG TMR_FLAG CAP_COND_F | POORSRC_FL | RESERVED 
AG G LAG AG 
R-0h R-0h R-0h R-0h R-0h R-0h R-0h R-0h 
Table 15. REGOA Register Field Descriptions 

Bit | Field Type GER Wee Description 

BOO VE RA R ES No Input-overvoltage INT flag 
Oh = Normal 
1h = VBUS_OVP signal rising edge detected 

e TSHUT_FLAG R mee No Thermal-shutdown INT flag 
Oh = Normal 
1h = TSHUT signal rising edge detected 

© | BATOVP_FLAG a es No Battery-overvoltage INT flag 
Oh = Normal 
1h = BATOVP signal rising edge detected 

4 KE Ps a nee Ne Flying capacitor fault INT flag 
Oh = Normal 
1h = Flying capacitor fault signal rising edge detected 

3 |TMR_FLAG R Ma Ne Charger safety-timer fault INT flag 
Oh = Normal 
1h = Charger safety-timer expired rising edge 

2 CAP CONDE EAG A Yes No Capacitor precondition fault INT flag 
Oh = Normal 
1h = CAP_COND_STAT signal rising edge detected 

1 | POORSRC FLAG R Yes No Poor-source-fault INT flag 
Oh = Normal 
1h = POORSRC_STAT signal rising edge detected 

> RESERVED A ZS No Reserved bit always reads 0 
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7.6.1.12 INT Mask Register (Address = Bh) [reset = 00h] 
REGOh is shown in Figure 42 and described in Table 16. 


Return to Summary Table. 


Figure 42. REGOh Register 


7 6 5 4 3 2 1 0 
PG_MASK INDPM_MASK | VINDPM_MAS | TREG_MASK WD_MASK CHRG_TERM_ | RESERVED CHRG_MASK 
K MASK 
R/W-0h R/W-0h R/W-0h R/W-0h R/W-0h R/W-0h R/W-0h R/W-0h 
Table 16. REGOh Register Field Descriptions 
Bit | Field Type | hen aor Wee | Description 
k PG_MASK RW TeS No Power-good INT mask 
0h = PG toggle produces INT pulse 
1h = PG toggle does not produce INT pulse 
S INDPMOMASK RW SES de INDPM-regulation INT mask 
Oh = INDPM entry produces INT pulse 
1h = INDPM entry does not produce INT pulse 
o BW || mes No VINDPM-regulation INT mask 
Oh = VINDPM entry produces INT pulse 
1h = VINDPM entry does not produce INT pulse 
E JTREGHMASK pur Tee No Device temperature-regulation INT mask 
Oh = TREG entry produces INT pulse 
1h = TREG entry does not produce INT pulse 
3° JWD MASK RW- hj Yes No DC watchdog-timer INT mask 
Oh = WD_STAT rising edge produces INT pulse 
1h = WD_STAT rising edge does not produce INT pulse 
2 CHRGLTERMUMASK RW Yas No Charger-termination INT mask 
0h = CHRG-termination detection produces INT pulse 
1h = CHRG-termination detection does not produce INT pulse 
1u RESERVED R yes SR Reserved bit always reads 0 
St: ` VEER "SE, Nes Ne Charger-status INT mask 
0h = CHRG_STAT[2:0] bit change produces INT pulse 
1h = CHRG_STAT[2:0] bit change does not produce INT pulse 
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7.6.1.13 FAULT Mask Register (Address = Ch) [reset = 00h] 
REGOC is shown in Figure 43 and described in Table 17. 
Return to Summary Table. 


Figure 43. REGOC Register 


7 6 5 4 3 2 1 0 
VBUS_OVP_M | TSHUT_MASK | BATOVP_MAS | CFLY_MASK TMR_MASK | CAP_COND_M | POORSRC_MA| RESERVED 
ASK K ASK SK 
R/W-0h R/W-0h R/W-0h R/W-0h R/W-0h R/W-0h R/W-0h R/W-0h 
Table 17. REGOC Register Field Descriptions 
Bit | Field Type | sen aor Wee | Description 
/ HESS MASA Geld Yes No Input overvoltage INT mask 
Oh = VBUS_OVP rising edge produces INT pulse 
1h = VBUS_OVP rising edge does not produce INT pulse 
S MS PAN ZE No Thermal-shutdown INT mask 
Oh = TSHUT rising edge produces INT pulse 
1h = TSHUT rising edge does not produce INT pulse 
Gëlle RW- ves No Battery-overvoltage INT mask 
Oh = BATOVP rising edge produces INT pulse 
1h = BATOVP rising edge does not produce INT pulse 
4 SE PON Yes Ne Flying capacitor fault INT mask 
Oh = CFLY-fault rising edge produces INT pulse 
1h = CFLY-fault rising edge does not produce INT pulse 
S "` RER RAN- h Yes No Charger safety-timer fault INT mask 
Oh = Timer expired rising edge produces INT pulse 
1h = Timer expired rising edge does not produce INT pulse 
E . per SONDAS RONI "CES No Capacitor precondition-fault INT mask 
Oh = CAP_COND_FLAG rising edge produces INT pulse 
1h = CAP_COND_FLAG rising edge does not produce INT 
pulse 
1 be W PS No Poor-source-fault INT mask 
0h = POORSRC_FLAG rising edge produces INT pulse 
1h = POORSRC_FLAG rising edge does not produce INT pulse 
0 RESERVED RN ves No Reserved bit always reads 0 
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7.6.1.14 Part Information Register (Address = Dh) [reset = 09h] 
REGOD is shown in Figure 44 and described in Table 18. 


Return to Summary Table. 


Figure 44. REGOD Register 


ud 5 4 3 2 1 0 
REG_RST PN[3:0] DEV_REV[2:0] 
R/W-0h R-1h R-1h 
Table 18. REGOD Register Field Descriptions 
Bit | Field Type GER Wee Description 
7 REG_RST R/W No No Register preset 
Oh = Keep the current register settings 
1h = Reset to default register values and reset the safety timer 
NOTE: This bit resets to 0 after the register reset is complete. 
6-3 PN[3:0] R No No Part number 
1h = bq25910 
20 | DEV REVIZO] a Mo No Device revision: 001 
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8 Application and Implementation 


NOTE 
Information in the following applications sections is not part of the Tl component 
specification, and Tl does not warrant its accuracy or completeness. Tl's customers are 
responsible for determining suitability of components for their purposes. Customers should 
validate and test their design implementation to confirm system functionality. 


8.1 Application Information 


A typical application consists of the device configured as an IC controlled single cell, parallel battery charger for 
Li-lon and Li-polymer batteries used in a wide range of smartphones and other portable devices. It integrates an 
input reverse-block FET (QBLK), four switching FETs for three-level operation (QHSA — QLSA), and a bootstrap 
cap control to drive HS gates. 


8.2 Typical Application 
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JH 4 
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Figure 45. bq25910 Application Test Configuration 
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Typical Application (continued) 
8.2.1 Design Requirements 
For this design example, use the parameters shown in Table 19. 
Table 19. Design Parameters 
PARAMETER VALUE 
Input Voltage Range 3.9 V to 14 V 
Input Current Limit 2.4 A 
Fast Charge Current 3.5 A 
Battery Regulation Voltage 4.35 V 
8.2.2 Detailed Design Procedure 
8.2.2.1 External Passive Recommendation 
The following part numbers are recommended for correct operation of bq25910. 
Table 20. Recommended External Components 
PASSIVE UP TO 9VBUS +10% UP TO 12VBUS +10% 
induci HMLQ25201B-R33 DFE252012F-R47 
nauctor 
MPIM252010E-R33 DFE252010F-R47 
CFLY (10 pF, X5R, 16 V) 2x GRM188R61C106MAALD 
CAUX (4.7 uF, X5R, 16 V) 1x GRM155R61A475MEAAD 


8.2.2.2 Inductor Selection 


The bq25910 is a three-level converter with a fixed switching frequency of 750 kHz, allowing the use of small 

inductor and capacitor values. The inductor saturation current should be higher than the output current (Ica) 

plus half the ripple current (oppe): 

Isat zoue + ‘RIPPLE 
(1) 

The inductor ripple current depends on input voltage (Vous), duty cycle (D = Vgat/VYgus), switching frequency (fsw) 

and inductance (L): 


vsus(0.5x|D-0.5|-(D-0.5)”) 


IRIPPLE = 
DS 2) 


The maximum inductor ripple current happens with D = 1/3 or D = 2/3. The recommended value of inductance is 
330 nH for 9-V applications or 470 nH for 12-V applications (750 kHz). 
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Inductor Current Ripple vs. Vous 
Maar = 3.80V 


4 6 8 10 12 14 
Vsus M 


Figure 46. Inductor Current Ripple as function of Veys with Fixed Vgat 


Table 21. Recommended Inductor values 


VBUS INDUCTOR VALUE 
3.9 V < VBUS < 10 V 330 nH 
3.9 V < VBUS < 14 V 470 nH 


8.2.2.3 Input Capacitor 


Input capacitor should have enough ripple current rating to absorb input switching ripple current. The worst case 
RMS current occurs when duty cycle is 0.5. If the converter does not operate at 50% duty cycle, then the worst 
case capacitor RMS current Low occurs where the duty cycle is closest to 50% and can be estimated by the 
following equation: 


loin = ue JD (1D) (3) 


Low ESR ceramic capacitor such as X7R or X5R is preferred for input decoupling capacitor and should be 
placed as close as possible to PMID and GND pins. Voltage rating of the capacitor must be higher than normal 
input voltage level. 25-V rating or higher capacitor is preferred for 12-V input voltage. 10-uF capacitance is 
suggested for up-to 6-A charging current. 


8.2.2.4 Flying Capacitor 


Flying capacitor selection must meet criteria related to current ripple and voltage ripple. Just as the input 
capacitor, the flying capacitor should also have enough ripple current rating to absorb the RMS current through it: 


2 
lcFLY = 2(0.5-|D-—0.5|) e + aen SE 
12 
(4) 
This function becomes maximum when D = 0.5, because at that point the capacitor is in series with the inductor 
for a complete switching cycle, and their RMS currents are the same. The flying capacitor should be sized to 
handle the full charge current in the scenario where D = 0.5. 
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CFLY RMS Current vs. Vous 


Maar" 3-80V, Le = 4.504 
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N 


Figure 47. Flying Capacitor RMS Current vs. Veys with Fixed Vgar and Icha 


Additionally, the flying capacitor voltage ripple should be kept under 10% of Veys/2 to ensure loop stability. This 
quantity is given by the following equation: 


Ica (0.5-|D-0.5) 


CrLyfsw (5) 


AVcFLY 


It is recommended to use at least two 16-V, 10-uF, low ESR ceramic capacitors in parallel to achieve both RMS 
current rating and maintain voltage ripple <10% in the flying capacitor for up-to 6-A charge current application. 
The following curve shows what the ripple voltage of CFLY might look like for such a configuration by taking into 
account voltage derating of the capacitor and plugging the effective capacitance value into equation above at 
different charge currents and Vous voltages. 


CFLY Ripple Voltage vs. Vey 
Vaart = 3.80V, C- y: X5R, 0603, 10uF (2x) 
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Figure 48. Flying Capacitor Ripple Voltage vs. Veys with Fixed Vgar 


Table 22. Recommended CFLY Values 


CHARGE CURRENT CFLY CONFIGURATION 
ICHG < 3.5 A 1 x 0603 (10 uF, X5R, 16 V) 
ICHG > 3.5 A 2 x 0603 (10 uF, X5R, 16 V) 
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8.2.2.5 Output Capacitor 
Output capacitor also should have enough 


output capacitor RMS current lcour is given: 


= IRIPPLE 


| = 
COUT = 9 iy 


ripple current rating to 


The output capacitor voltage ripple can be calculated as follows: 


AVeve = —RIPPLE 
NS 16C slay 


bq25910 
SLVSDUOA -SEPTEMBER 2017—REVISED FEBRUARY 2018 


absorb output switching ripple current. The 


(6) 


(7) 


At certain input/output voltage and switching frequency, the voltage ripple can be reduced by increasing the 
output filter LC. The preferred ceramic capacitor is 20 uF, 6.3 V or higher rating, X7R or X5R. 


8.2.3 Application Curves 


CBUS = 1 uF, CPMID = 10 uF, CBAT = 20 uF, CFLY = 20 uF, L = DFE252012F-R47 (470 nH) (unless otherwise noted) 
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Figure 49. Adapter Power Up with Charge Enabled 
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Figure 50. HV Adapter Power Up with Charge Enabled 
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Figure 51. Charge Disable 


VBUS = 12 V, VBAT = 3.5 V, ICHG = 4 A 


Figure 52. HV Adapter Charge Disable 
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CBUS = 1 uF, CPMID = 10 uF, CBAT = 20 uF, CFLY = 20 uF, L = DFE252012F-R47 (470 nH) (unless otherwise noted) 
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Figure 53. Line Transient Response in CC Mode Figure 54. Load Transient Response in CV Mode 
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Figure 57. PWM Switching Waveform Figure 58. PWM Switching Waveform 
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CBUS = 1 uF, CPMID = 10 uF, CBAT = 20 uF, CFLY = 20 uF, L = DFE252012F-R47 (470 nH) (unless otherwise noted) 
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Figure 59. Adapter Removal 


VBUS = 12 V, VBAT = 3.8 V 


Figure 60. Adapter Removal 
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9 Power Supply Recommendations 


In order to charge single-cell Li-lon battery, the device requires a power supply between 3.9 V and 14 V with at 
least 500-mA current rating connected to VBUS. Additionally, a single-cell Li-lon battery with voltage > Veat Lowv 
should be connected between at the output of the switched inductor, between BATP and BATN terminals. 
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10 Layout 


10.1 Layout Guidelines 


The switching node rise and fall times should be minimized for minimum switching loss. Proper layout of the 
components to minimize high frequency current path loops is important to prevent electrical and magnetic field 
radiation and high-frequency resonant problems. Here is a PCB layout priority list for proper layout. Layout PCB 
according to this specific order is essential. 


1. Utilize at least four-layer board for optimal layout, and assign one layer as solid ground plane near the IC to 
minimize high-frequency current path 


2. Place flying capacitor as close to CLFY+ and CLFY- bumps as possible. Minimize the copper area of this 
trace to lower electrical and magnetic field radiation but make the trace wide enough to carry the charging 
current. Do not use multiple layers in parallel for this connection. 


3. Place input capacitor as close as possible to PMID bumps and PGND bumps and use solid GND plane 
underneath the IC. Use plenty of vias close to PMID capacitor GND terminal and IC PGND bumps to ensure 
low parasitic connection to GND plane. 


4. Place inductor input terminal as close to SW bumps as possible. Minimize the copper area of this trace to 
lower electrical and magnetic field radiation but make the trace wide enough to carry the charging current. 


5. Put output capacitor near to the inductor and the device. Ground connections need to be tied to the device 
ground with a short copper trace connection or GND plane. 


6. Decoupling capacitors should be placed next to the device and make trace connection as short as possible. 


7. Ensure that there are sufficient thermal vias directly under bumps of the power FETs, connecting to copper 
on other layers. 


8. The via size and number should be enough for a given current path. 
9. Route BATP and BATN away from switching nodes such as SW and CFLY+, CFLY-. 


Refer to the EVM design and Figure 61 for the recommended component placement with trace and via 
locations. 
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10.2 Layout Example 
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Figure 61. bq25910 PCB Layout Example 
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11 Device and Documentation Support 


11.1 Device Support 
11.1.1 Third-Party Products Disclaimer 


11.1.1.1 Third-Party Products Disclaimer 


TI'S PUBLICATION OF INFORMATION REGARDING THIRD-PARTY PRODUCTS OR SERVICES DOES NOT 
CONSTITUTE AN ENDORSEMENT REGARDING THE SUITABILITY OF SUCH PRODUCTS OR SERVICES 
OR A WARRANTY, REPRESENTATION OR ENDORSEMENT OF SUCH PRODUCTS OR SERVICES, EITHER 
ALONE OR IN COMBINATION WITH ANY TI PRODUCT OR SERVICE. 


11.2 Receiving Notification of Documentation Updates 


To receive notification of documentation updates, navigate to the device product folder on ti.com. In the upper 
right corner, click on Alert me to register and receive a weekly digest of any product information that has 
changed. For change details, review the revision history included in any revised document. 


11.3 Community Resources 


The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective 
contributors. They do not constitute TI specifications and do not necessarily reflect TI's views; see Tl's Terms of 
Use. 


TI E2E™ Online Community TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration 
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help 
solve problems with fellow engineers. 


Design Support TI's Design Support Quickly find helpful E2E forums along with design support tools and 
contact information for technical support. 


11.4 Trademarks 


E2E is a trademark of Texas Instruments. 
All other trademarks are the property of their respective owners. 


11.5 Electrostatic Discharge Caution 


This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled with 
A appropriate precautions. Failure to observe proper handling and installation procedures can cause damage. 


Ai ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may be more 
susceptible to damage because very small parametric changes could cause the device not to meet its published specifications. 
11.6 Glossary 


SLYZ022 — TI Glossary. 
This glossary lists and explains terms, acronyms, and definitions. 


12 Mechanical, Packaging, and Orderable Information 


The following pages include mechanical, packaging, and orderable information. This information is the most 
current data available for the designated devices. This data is subject to change without notice and revision of 
this document. For browser-based versions of this data sheet, refer to the left-hand navigation. 
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PACKAGING INFORMATION 


Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (*C) Device Marking Samples 
a) Drawing Qty (2) (6) (3) (4/5) 
BQ25910YFFR ACTIVE DSBGA YFF 36 3000 Green (RoHS SNAGCU Level-1-260C-UNLIM -40 to 85 BQ25910 e 1 
8 no Sb/Br) | Samples | es 
BQ25910YFFT ACTIVE DSBGA YFF 36 250 Green (RoHS SNAGCU Level-1-260C-UNLIM -40 to 85 BQ25910 e je 
8 no Sb/Br) | Samples | s 
PQ25910YFFT ACTIVE DSBGA YFF 36 250 TBD Call TI Call TI -40 to 85 
amples 


The marketing status values are defined as follows: 

ACTIVE: Product device recommended for new designs. 

LIFEBUY: TI has announced that the device will be discontinued, and a lifetime-buy period is in effect. 

NRND: Not recommended for new designs. Device is in production to support existing customers, but TI does not recommend using this part in a new design. 
PREVIEW: Device has been announced but is not in production. Samples may or may not be available. 

OBSOLETE: TI has discontinued the production of the device. 


) RoHS: TI defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that ROHS substance 
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may 
reference these types of products as "Pb-Free". 

RoHS Exempt: TI defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption. 

Green: TI defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based 
flame retardants must also meet the <=1000ppm threshold requirement. 


6) MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature. 
(® There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device. 


6) Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation 
of the previous line and the two combined represent the entire Device Marking for that device. 


(6 Lead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish 
value exceeds the maximum column width. 


Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is provided. TI bases its knowledge and belief on information 
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and 
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. 
TI and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release. 
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In no event shall TI's liability arising out of such information exceed the total purchase price of the TI part(s) at issue in this document sold by TI to Customer on an annual basis. 
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TAPE AND REEL INFORMATION 


REEL DIMENSIONS 


Reel 
Diameter 


y 


PACKAGE MATERIALS INFORMATION 


TAPE DIMENSIONS 


TER 


=) 
= 


Dimension designed to accommodate the component width 
| BO | Dimension designed to accommodate the component length 
Dimension designed to accommodate the component thickness 


Overall width of the carrier tape 
Pitch between successive cavity centers 


Ë Reel Width (W1) 


QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE 


O O-O O OO OO CO Sprocket Holes 
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Q2 Q1 | Q2 


Q3 


Q4 Q3 | Q4 User Direction of Feed 
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Pocket Quadrants 
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Device Package | Package) Pins) SPQ Reel Reel AO BO KO P1 Ww 


BQ25910YFFR DSBGA | YFF 


BQ25910YFFT DSBGA | YFF 
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TAPE AND REEL BOX DIMENSIONS 


*All dimensions are nominal 


Device Package Type (Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm) 
BQ25910YFFR DSBGA YFF 36 3000 182.0 182.0 20.0 
BQ25910YFFT DSBGA YFF 36 250 182.0 182.0 20.0 


Pack Materials-Page 2 
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NOTES: 


1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing 
per ASME Y14.5M. 
2. This drawing is subject to change without notice. 


EXAMPLE BOARD LAYOUT 
YFF0036 DSBGA - 0.625 mm max height 


DIE SIZE BALL GRID ARRAY 


01010 
000 
OOC sm 
DOO 
000 
(HO 


I 
SYMM 
t 


LAND PATTERN EXAMPLE 
SCALE:25X 


0.05 MAX 
Co | (0.28) 
SOLDER MASK 
OPENING 


SOLDER MASK 
OPENING SOLDER MASK 
NON-SOLDER MASK SOLDER MASK 


DEFINED 
DEFINED 
(PREFERRED) 


SOLDER MASK DETAILS 
NOT TO SCALE 


4222008/A 03/2015 


NOTES: (continued) 


3. Final dimensions may vary due to manufacturing tolerance considerations and also routing constraints. 
For more information, see Texas Instruments literature number SNVAOO9 (www.ti.com/lit/snva009). 


EXAMPLE STENCIL DESIGN 
YFF0036 DSBGA - 0.625 mm max height 


DIE SIZE BALL GRID ARRAY 


(0.4) TYP — => 


(RO.05) TYP 


SOLDER PASTE EXAMPLE 
BASED ON 0.1 mm THICK STENCIL 
SCALE:30X 
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NOTES: (continued) 


4. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. 
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IMPORTANT NOTICE 


Texas Instruments Incorporated (TI) reserves the right to make corrections, enhancements, improvements and other changes to its 
semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESD48, latest issue. Buyers 
should obtain the latest relevant information before placing orders and should verify that such information is current and complete. 


T's published terms of sale for semiconductor products (http://www.ti.com/sc/docs/stdterms.htm) apply to the sale of packaged integrated 
circuit products that Tl has qualified and released to market. Additional terms may apply to the use or sale of other types of Tl products and 
services. 


Reproduction of significant portions of TI information in TI data sheets is permissible only if reproduction is without alteration and is 
accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such reproduced 
documentation. Information of third parties may be subject to additional restrictions. Resale of Tl products or services with statements 
different from or beyond the parameters stated by TI for that product or service voids all express and any implied warranties for the 
associated TI product or service and is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements. 


Buyers and others who are developing systems that incorporate TI products (collectively, “Designers”) understand and agree that Designers 
remain responsible for using their independent analysis, evaluation and judgment in designing their applications and that Designers have 
full and exclusive responsibility to assure the safety of Designers’ applications and compliance of their applications (and of all TI products 
used in or for Designers’ applications) with all applicable regulations, laws and other applicable requirements. Designer represents that, with 
respect to their applications, Designer has all the necessary expertise to create and implement safeguards that (1) anticipate dangerous 
consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that might cause harm and 
take appropriate actions. Designer agrees that prior to using or distributing any applications that include TI products, Designer will 
thoroughly test such applications and the functionality of such TI products as used in such applications. 


Tl's provision of technical, application or other design advice, quality characterization, reliability data or other services or information, 
including, but not limited to, reference designs and materials relating to evaluation modules, (collectively, “Tl Resources”) are intended to 
assist designers who are developing applications that incorporate TI products; by downloading, accessing or using TI Resources in any 
way, Designer (individually or, if Designer is acting on behalf of a company, Designer's company) agrees to use any particular TI Resource 
solely for this purpose and subject to the terms of this Notice. 


Tl's provision of TI Resources does not expand or otherwise alter Tl’s applicable published warranties or warranty disclaimers for TI 
products, and no additional obligations or liabilities arise from TI providing such TI Resources. TI reserves the right to make corrections, 
enhancements, improvements and other changes to its Tl Resources. Tl has not conducted any testing other than that specifically 
described in the published documentation for a particular TI Resource. 


Designer is authorized to use, copy and modify any individual TI Resource only in connection with the development of applications that 
include the TI product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE 
TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY 
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or 
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information 
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or 
endorsement thereof. Use of TI Resources may require a license from a third party under the patents or other intellectual property of the 
third party, or a license from TI under the patents or other intellectual property of TI. 


TI RESOURCES ARE PROVIDED “AS IS” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR 
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO 
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF 
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL 
PROPERTY RIGHTS. TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY DESIGNER AGAINST ANY CLAIM, 
INCLUDING BUT NOT LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF 
PRODUCTS EVEN IF DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL TI BE LIABLE FOR ANY ACTUAL, 
DIRECT, SPECIAL, COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN 
CONNECTION WITH OR ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER TI HAS BEEN 
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES. 


Unless TI has explicitly designated an individual product as meeting the requirements of a particular industry standard (e.g., ISO/TS 16949 
and ISO 26262), Tl is not responsible for any failure to meet such industry standard requirements. 


Where TI specifically promotes products as facilitating functional safety or as compliant with industry functional safety standards, such 
products are intended to help enable customers to design and create their own applications that meet applicable functional safety standards 
and requirements. Using products in an application does not by itself establish any safety features in the application. Designers must 
ensure compliance with safety-related requirements and standards applicable to their applications. Designer may not use any TI products in 
life-critical medical equipment unless authorized officers of the parties have executed a special contract specifically governing such use. 
Life-critical medical equipment is medical equipment where failure of such equipment would cause serious bodily injury or death (e.g., life 
support, pacemakers, defibrillators, heart pumps, neurostimulators, and implantables). Such equipment includes, without limitation, all 
medical devices identified by the U.S. Food and Drug Administration as Class lll devices and equivalent classifications outside the U.S. 


Tl may expressly designate certain products as completing a particular qualification (e.g., Q100, Military Grade, or Enhanced Product). 
Designers agree that it has the necessary expertise to select the product with the appropriate qualification designation for their applications 
and that proper product selection is at Designers’ own risk. Designers are solely responsible for compliance with all legal and regulatory 
requirements in connection with such selection. 


Designer will fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of Designer’s non- 
compliance with the terms and provisions of this Notice. 
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